Cassava (Manihot esculenta, Grantz) leaves are known for their pharmacological and nutraceutical properties, but the extraction of active compounds in CL has not been optimized yet. In this study, the optimal parameters for the extraction of flavonoids from cassava leaves were determined using a Taguchi L9 orthogonal array design. The extraction variables included: concentration of ethanol, temperature, the solid: liquid ratio and the extraction time. Optimum extraction conditions were 50% ethanol at 50°C for 4 h at a solid: liquid ratio of 1:40. The total flavonoids obtained under these conditions were 877.7 mg/100 g extract and rutin content was 622 mg/100 g as determined by HPLC-UV. Seven flavonoid compounds were identified by HPLC-FTICR-MS analysis. The relative amount of each compound in the extract was 0.96% of clovin, 4.81% of myricetin-3-O-rutinoside, 1.25% of robinin, 58.89% of rutin, 2.51% of hyperoside, 29.31% of nicotiflorin, and 2.28% of narcissin of the total flavonoids. Therefore, CL has the potential to be explored as the medicinal foods or therapeutics for improving human health.
Introduction
Cassava (Manihot esculenta, Grantz) is commonly known as Yuca, mandioca or tapioca is an annual plant which belongs to the genus cassava. Cassava is widely grown in tropical and subtropical countries of Africa, Asia and Latin America with an estimated production of 276.7 million tons (FAOSTAT, 2013) . Generally, cassava tuber is the common edible part of the plant. Cassava leaves (CL) are also consumed as a vegetable in Latin America and is used as an ingredient in sauces. [1] In China, only the tuber is consumed, and large amounts of tuber peel, leaves, and stalks are generated as waste. Inadequate waste management of this by-product can lead to environmental pollution and loss of this bioresource.
Passos et al. [2] argued that CL deserves more attention as a source of protein and nutrients for human nutrition and should get as much attention as the tubers since it contains high amounts of fiber, vitamins, B1, B2, C, crude protein (17.7-38.1% DM: dry matter basis), essential amino acids, and carotenoids. CL has been reported to possess compounds that have pharmacological properties including anti-inflammatory, anti-oxidative, and renal protection. [3, 4] Furthermore, some studies indicated the effectiveness of CL against mycosis hemostatic agent and prevention of headache as well as anthelmintic agent. [3] Fresh CL ethanol extracts inhibited protein synthesis and demonstrated antiviral and anti-mycobacterial activities. [3] These pharmacological actions are believed to be due to phenolic compounds in CL such as tannins, anthocyanidins, cyanidin, and delphinidin. [4, 5] Ultrasonic-assisted extraction (UAE) is a new technology that supports the extraction of biological compounds from cellular materials of plants and other biological systems that has been widely reported in literature. [6] UAE is regarded as an efficient and inexpensive alternative to conventional extraction systems. [6] High-pressure liquid chromatography Fourier transform ion-cyclotron resonance mass spectrometry (HPLC-FTICR-MS) is an analytical tool to determine the accurate mass of precursor and product ions, and also is a useful tool for the identification of flavonoids. The instrument uses a linear ion trap that automatically permits easy control and selection of the amounts of ions sent to the ion-cyclotron resonance (ICR) cell compared to the conventional FTICR-MS, High mass accuracy of analyte compound can be achieved including in a rapidly changing concentration across the peaks of atypical high-performance liquid chromatography (HPLC). [7] HPLC-FTICR-MS has been successfully applied to solve various analytical problems, including analysis of drug mixtures, [8] analysis of trace impurities in a drug substance, proteomics analyses, toxicology, and forensic sciences, microbiology, and oligosaccharide analyses. [7] The aim of the study was to optimize the extraction of total flavonoid from CL using OED and UAE system and to determine the acute oral toxicity of the obtained extract. To improve the purity of the obtained extracts, six macroporous resins (HPD 100, D151, 001 ×1.1, NKA-9, H103, and D101) were investigated. Furthermore, the flavonoid compounds in CL extracts were identified using the HPLC-FTICR-MS technique. Therefore, this study will supply a good base for the exploitation of CL as nutritional food and source of bioactive compounds that will support comprehensive utilization of this natural by-product.
Materials and methods

Chemicals and equipment
Ultrapure water was prepared using a Millipore Direct®Q3 (Millipore Corp., MA, USA) and was used throughout the study. All of the reagents were of analytical or HPLC grade. Ethanol andethyl acetate were purchased from (Tianjin Biotechnology Co., LTD, Tianjin, China). Acetonitrile (HPLC grade) and rutin were purchased from Sigma Chemical Company (St. Louis, MO, USA). HCl, NaOH and macroporous resins (HPD, D151, 001 ×1.1, NKA-9, H103, and D101) were purchased from (Tianjin Biotechnology Co., LTD, Tianjin, China). UV-Vis absorption spectra was recorded on a TU-1900 double-beam UV-spectrophotometer (Beijing Purkinje General Instrument Co. Ltd., Beijing, China). Thermo Scientific LTQFT (Thermo Fisher Co. Ltd., San Jose, CA, USA) HPLC-MS, Ultrasonic extractor (BRANSON 2210., USA), Vacuum rotary evaporator (Buchi 461, Switzerland). A Shimadzu LC-20 AB high-performance liquid chromatography (HPLC) system (Shimadzu Corporation, Japan) consisted of a LC-20AB pump, a SPD-20A UV/VIS detector. Screwcap sample bottles (1.5 mL) and a nylon filter membrane (0.2 μm, 26 mm) were supplied by Waters (Milford, MA, USA).
Materials
CL of Hunan No.5 cultivar was obtained during harvesting season from the Research Center of Cassava, Tropical Crop Variety Resources Institute, Chinese Academy of Tropical Agriculture (Hainan, China).
Sample preparation
The samples were cleaned using running tap water and rinsed with distilled water prior to use. [9] The CL was frozen at −20°C and freeze-dried (Martin Christ Co., LTD, Osterode, Germany). The dried CL was powdered using the micro plant grinding machine and were screened through a 40-mesh sieve to obtain particles with a mean diameter of ≤420 μm. These powders were flushed with nitrogen before being stored in sealed containers at −20°C until analysis.
Extraction procedure
Optimization of UAE extraction the flavonoids An orthogonal L 9 (3) 4 experiment design was used to optimize the extraction conditions of flavonoids from the CL. Four independent UAE (THC-2B, Jining Tianhua Ultrasound Electronic Instrument Co., Ltd) extraction parameters (the concentration of ethanol, extraction temperature, the solid: liquid (S/L) ratio and extraction time) was investigated ( Table 1 ). The investigated extraction parameters were studied at three levels; i. e. concentration of ethanol (X 1 : 40%, 50%, and 60%), extraction temperature (X 2 : 50, 60 and 90°C), S/L ratio (X 3 : 1:20, 1:30 and 1:40 mg/mL) and extraction time (X 4 : 1 h, 2 h, and 3 h) ( Table 1) . The experiments run was carried out in triplicate and in a randomized order to avoid personal or subjective bias during the extraction process. [10] The extract was centrifuged at 6000 r.p.m for 10 min, then 1 mL of supernatant was filtered by a nylon filter membrane (0.2 μm, 26 mm) before HPLC-UV analysis. A control containing only ethanol and methanol (without samples) was similarly prepared. The total flavonoids content was used as the dependent variable and measured as described in Section 2.6.2.
Dispersive solid-phase extraction (DSPE)
Six macroporous resins (HPD 100, D151, 001 ×1.1, NKA-9, H103, and D101) were evaluated for their DSPE ability and to clean-up the obtained extracts. Information regarding the characteristics of six macroporous resins is shown in Supplementary Table S-1. The purification of the CL flavonoids was optimized using the macroporous resin types, the amount of resin to flavonoids solution, and the concentration of the elution solvent "ethanol" and all the experiments were conducted in triplicate.
Pretreatment and activation of resins
The macroporous resins were pretreated and activated according to the manufacturer's instructions. Firstly, all the macroporous resins were washed by distilled water and filtered using a nylon filter cloth with mesh size of 0.3 mm in order to retain resins with particle diameters >0.3 mm. Then, all the resins were individually soaked in two-bed volumes (BV) with 95% ethanol for 24 h. [11] After soaking, each type of resin was filled in a glass column followed by rinsing with 95% ethanol. Subsequently, all the resins were rinsed with the distilled water (two BV) in order to remove the ethanol. The generation of the resins was achieved by subjecting the columns to the following washing steps; one BV of 4% (w/v) sodium hydroxide, two BV of distilled water, one BV 4% (v/v) hydrochloric acid, and distilled water until the pH of eluent is pH = 7.
Purification of flavonoid compounds
The CL extracts that were obtained under the UAE optimized extraction conditions and then centrifuged at 5500 xg for 30 min. The resultant supernatants were loaded on the different resin columns to saturation where the concentration of flavonoids in the loaded and run through solution were equal. The flavonoid compounds were adsorbed onto the column while for other water-soluble compounds were eluted by two BV of distilled water until eluent become clear. The adsorbed flavonoids were eluted by acidified ethanol (0.5% V/V of hydrochloric acid) until the eluent was colorless. The eluents were concentrated by a rotary evaporator at 60°C and then concentrated extracts were frozen at −20°C for freeze-dried. The efficacy of the resin in adsorbing the CL flavonoid compounds were determined using the method following as section 2.6.3. Ethanol at different concentrations (10%, 30%, 50%, 70%, and 90%) were used to investigate the best concentration for the elution of the adsorbed flavonoid compounds ( Supplementary Table S -2). The dynamic adsorption capacity of the resin and the adsorption and desorption efficacies were determined as described below ( Supplementary Table S-3) .
Desorption of flavonoid compounds
Macroporous resin (5 g) was saturated with flavonoids compounds, transferred to a flask (250 ml) with different concentrations of acidified ethanol were used to desorb the flavonoids. The mixture was shaken at 125 rpm for 1 h at 25°C. The total flavonoid content of the eluted materials was determined by HPLC-UV (section 2.6.3).
Methods
Carotenoids extraction and determination of total carotene content
Total carotene content of the extracts was measured as described by De Carvalho et al. [12] A 15 g of the sample was added with 3 g of celite 454 (Tedia, Ohio, USA). Then, 25 mL of acetone was added until a paste was obtained, which was transferred into a sintered funnel (5 μm) coupled to a 250 mL Buchner flask and filtered under vacuum. The sample extraction was repeated three times until the filtrate was colorless. The obtained extract was transferred to a separation funnel (500 mL) containing petroleum ether (40 mL), followed by slow addition of ultrapure water (Milli-Q -Millipore) to remove acetone and prevent emulsion formation. The water phase was discarded, and this procedure was repeated four times. The extract was transferred through a funnel containing 15 g of anhydrous sodium sulfate and obtained in a volumetric flask (50 ml). The absorbance of the obtained extract was measured at 450 nm. The total carotenoid content was calculated using the following formula:
where A = Absorbance; V = Total extract volume; P g ð Þ = sample weight in grams; A 1% 1cm =2592 (β-carotene Extinction Coefficient in petroleum ether).
HPLC determination of total flavonoids content (TFC) in CL
The CL extract samples were centrifuged for 20 min at 3582 xg and −4°C. The supernatant was filtered using a membrane filter (0.22 μm) and was analyzed by HPLC-DAD (LC-20 AB, Shimadzu). The HPLC system was connected to a reversed-phase Shim-pack VP-ODS column (5 µm, 300 mm x 416 mm i.d.) using a quaternary pump, an autosampler (SIL-20A), and a diode array detector (SPD-20A) for detection of eluted compounds monitored by LC solution software. The injection volume was 20 μL for all standards and samples. The mobile phase was methanol (solvent A) and 0.11% acetic acid solution in water (solvent B). A gradient program was set at 0-15 min, linear gradient from 35% to 85% B, then was maintained at 65% until 25 min. The flow rate was maintained at 1 mL/min. The detector was set to a wavelength of 360 nm and the column temperature was maintained at 30°C. So, the flavonoids were reported as mg rutin equivalent/g cassava leaf. Rutin standard series was used to produce seven points calibration curves (0 to 500 µg/ml).
Identification of flavonoid in CL using HPLC-FTICR-MS
High-performance liquid chromatography coupled with Fourier transform ion cyclotron resonance mass spectrometry (HPLC-FTICR-MS) analyses were performed on a Thermo Scientific LTQ FT equipped with a Surveyor LC Plus system, a Surveyor MS pump plus and a Surveyor autosampler (Thermo Fisher Co. Ltd., San Jose, CA, USA). MassLynx TM software (version 4.0, Waters, Milford, MA, USA) via electrospray ionization (ESI) interface operating in positive mode was used to control the instruments, data acquisition, and processing.
Liquid chromatography
The analysis was carried out as a previously described Wu et al. [7] and alter modified the method with slight changes. Samples were separated on a ZORBAX Eclipse Plus-C18 column (100 x 2.1 mm, 3.5 mm) protected by a ZORBAX SB-C18 guard column (12.5 x 2.1 mm, 3.5 mm). The analysis was conducted using an injection volume of 5 µL under isocratic conditions at a flow rate of 0.2 mL/min. The mobile phase was acetonitrile (solvent A) and 0.3% ethyl acetate solution in water (solvent B). A gradient program was set at 0-10 min, linear gradient from 10% to 15% A, 10-45 min linear gradient from 15%-25% A, 45-50 min linear gradient from 25%-35% A, and then maintained at 35% A until 50 min. The system then was recovered to initial conditions within 30 s, and the column was reconditioned for 4.5 min. The detector was set to a wavelength of 270 nm and the column temperature was maintained at 25°C.
Mass spectrometry
Ultrahigh-purity collision gas and high-purity N 2 were used as a nebulizing gas. The optimized parameters in the positive ion mode were as follows: ion spray voltage of 3.5 kV; capillary temperature of 300°C capillary voltage of 30 V; sheath gas flow rate of 35 L/h; auxiliary gas flow rate of 10 L/h; sweep gas flow rate of 3 (arbitrary units); and tube lens of 90 V. Compounds were detected by full-scan mass analysis from m/z 100 to 2000 at a resolving power of 100,000 with datadependent MS/MS analysis triggered by the most abundant ions from the parent mass list of predicted metabolites (mass list: 757, 626, 740, 610, 464, 594, 624) followed by MS/MS analysis on the most abundant product ions. The resolving power used for multiple-stage mass analysis was the same as that employed for the full-scan mass analysis. Data acquisition and reduction were performed with Xcalibur version 1.4 software (Thermo Fisher) after HPLC-FTICR-MS analysis.
Statically analysis
All the experiments were analyzed in triplicate and all the results are reported as mean ± standard error mean. Analysis of variance (ANOVA) was used to investigate the effects of the extraction variables on the recovery of TFC. The difference among the means were separated using Fisher test at P < .05. In order to investigate the effect of the extraction conditions of the total flavonoids content from CL, the Orthogonality Experiment Assistant software (Sharetop Studio Software, Beijing, China) was used.
Result and discussion
Selection of operational conditions: the effect of the extraction solvent variables
The recovery of TFC obtained using the different extraction solvents is shown in supplementary Fig. S-2. The two highest recoveries of TFC were attained using methanol and ethanol as the extraction solvents (1.5% and 1.2%, respectively). While the highest recovery of TFC was obtained with methanol, which might be due to methanol as a high polar solvent had a higher affinity for polar compounds such as flavonoid compounds. However, in subsequent studies ethanol was used the extraction solvent as it is safer for human health compared to methanol. [13] The recovery of TFC obtained from the UAE optimization is shown in Table 2 . Finally, all the extraction variables had significant effects on TFC (p < .05) ( Table 2 ) and the influence of the extraction factors in decreasing order were; concentration of ethanol > the S/L ratio > temperature > time. The optimum extraction parameters were 50% ethanol as extraction solvent at a S/L ratio 1:40 and 55°Cfor 2 h that resulted in TFC of 877.71 mg/100g dry extract, which is higher than the TFC value (52.38 mg/g of dry powder) reported by Zhou et al. [14] for CL extract obtained with 90% ethanol extracted by UAE. The extraction solvents have a big effect on TFC due to the proportion of individual groups, which easily dissolve in ethanol from the total amount of flavonoids compounds because of the principle "like dissolves like". [13] In turn, TFC obtained in CL from Tamil Nadu (238 mg/g extract) extracted with acetone. [15] Although a direct comparison of this study results with the result of Suresh et al. [15] is not appropriate since the extraction method and the sample is different. However, it still confirms that TFC can be affected by the extraction solvents.
Orthogonal array experiment
In this study, four three-level process parameters, i.e. concentration of ethanol (%), extraction temperature (°C), solid/liquid (S/L) ratio and the extraction time (min) were considered. Factorial design using four extraction parameters at three levels (3 4 ) would have resulted in 81 experiment runs. However, L 9 orthogonal array only needed nine experiment runs ( Table 2 ). The optimal extraction conditions for TFC were obtained at 70°C with 50% ethanol in S/L ratio of 1:40 for 2 h. All the values given in Table 2 were the mean of triplicate experiments. The sequence of the experiments was randomized to avoid any personal or subjective bias.
Analysis of variance
Analysis of variance (ANOVA) was used to investigate the effects of the extraction variables on the recovery of TFC. Fisher test was used to determine which process parameter had a significant effect on TFC ( Table 3 ). Results of ANOVA indicated that concentration of ethanol and the S: L ratio were highly significant factors affecting TFC (Table 3 ). 
Adsorbent capacity of different resins to CL flavonoids compounds
The dispersive solid-phase extraction (DSPE) was used as clean-up procedure, which is a rapid and simple approach to achieve high accuracy and recovery of TFC. In particular, macroporous resins can be used to remove proteins and pigments that could interfere with the targeted compounds during the processing of the complex biological matrix. [16] The highest TFC can be obtained with 50% ethanol (supplementary Table S -2). The TFC absorption capacity of the six resins was evaluated and was found to be in the following order: HPD 100 > D 101 > NKA-9 ≥ H103 > D 151 > 001 × 1.1.
The adsorbing capability of TFC in CL extract was primarily related to the pore radius and, to a lesser extent, on the surface area. For example, HPD 100 which had the largest pore radius (0.3-1.2 mm) and surface area (650-700 m 2 /g) exhibited the best adsorption capacity. The total adsorption capacity of HPD 100 resin (215 mg RE/g) was more than twice that of the other resins. According to a previous study by Liu et al. [11] the TFC total adsorption capacity of HPD 100 resin was assessed by TFC, and obtained 9.1 mg RE/g, which was 23 times lower than this study. The nonpolar H103 resin had similar pore radius (0.3-1.2 mm), and bigger surface area (1000-1100 m 2 /g) compared to HPD 100, but showed the second largest adsorption capacity suggesting that a larger surface area is less critical factor for the adsorption of flavonoid compounds compared to polarity. In support of this contention, NKA-9, a strong polar resin, had the smallest surface area (250∼290 m 2 /g) and similar pore radius (0.3-1.2 mm), and showed similar adsorption ability to H103 resin. The 001 × 1.1 resin is a strong polar resin that has similar pore radius (0.3-1.2 mm). This resin had the lowest adsorption capacity among all the resins. These findings are consistent with the results reported by Di Mauro et al. [17] despite some differences in the exact ranges of pore radius and surface area of the resins used in their study.
Determination of the total carotene content in CL
In this study, the average total carotene content obtained from CL with petroleum ether extraction was 26.7 mg/100 g dry weight ( Fig.S-1 ). Chávez et al. [18] investigated the total carotene concentration in cassava leaves and reported the concentration in the range of 23 to 86 mg/100g fresh weight with an average. It may not be feasibly compared to the results in this study because of the different measurements for extraction and units applied in total carotene content. The differences in concentration of carotene are likely due to different types of cassava since Achidi et al. [19] reported 3.3 mg/100 g dry weight basis (dwb) and 4.5 mg/100 g dwb in two different cassava leaves varieties. It is worth noting that Iglesias et al. [20] reported higher carotene content in the CL more than cassava roots and the carotene content in the leaves can be up to tenfold higher in CL than that in cassava roots. [18] In Chávez et al. [18] study, the total carotene content indicated the wide range in the various species of cassava leaves that ranged from 23 to 86 mg/100 fresh weight that further confirm the species, and the cultivation region play important role in the content of carotene.
Determination of the level of total flavonoids content (TFC) in CL
TFC in the CL extracts was determined directly using an HPLC as shown in Fig S-4 . The extracts were obtained under optimal extraction conditions and were cleaned up using the HPD resin clean-up ( Fig.S-2) . The concentration of TFC was expressed as rutin equivalent obtained 6.37 mg/100g dry weight which is substantially higher than the content reported by Yong et al. [21] for CL from Hainan was 1 172.17 mg/100 g dry weight using chemical extraction (NaHCO 3 ) method optimized by response surface methodology combined with Box-Behnken design under the condition as at 79.65°C, in S:L ratio of 1:30.77 mL/g for 11.82 min with added 0.03 g of NaHCO 3 . In a study by Yong et al. [21] the TFC in CL from Hainan was higher than that in this study. The probable reason is that the type of the CL has contributed to the concentration of TFC, and the region and the growth environment also play important factors for the concentration of TFC. Suresh et al. [15] evaluated TFC value in CL from Tamil Nadu and reported 116, 124 and 2.38 mg/g fresh extract in methanol containing 1% HCl, methanol, and acetone extracts, respectively.
Comparison of the result in this study with their finding is difficult because of the variation of TFC under the different extraction conditions and measurement units. Furthermore, in an additional study of CL from China using 90% ethanol extraction, 52.38 mg TFC/g dry powder was obtained by UAE. [14] It is suggested that the various content of rutin in CL is mainly due to the environmental factors such as soil condition, UV, and temperature. In another study, He et al. [22] found the rutin content in CL was 9.32 mg/g dry powder using 0.1% HCl-Methanol: H 2 O (7:3, V/V) and UAE. It is indicated that the different extraction methods were used to obtain different values of TFC, and the origin and environmental factor play as important role for the variation in TFC values.
Determination and identification of the seven flavonoids compounds character in CL
In order to identify the active compounds in CL, the ethanol extract was analyzed by HPLC/FTICR-MS. Seven compounds exhibited UV spectra that were characteristic of flavonoids compounds. Fragmentation of scheme is illustrated in Figure S -6-12. To identify the flavonoids compounds in the matrices of CL, retention times, UV-vis, mass spectral characteristics were compared to commercial standards, and online retrieval structure comparison with Chemindustry (http://www.chemindustry. com) and the American chemical abstracts database (www.cas.org). These resulted in the recognition of specific spectral patterns between the glycosylated flavones and their respective aglycones: rutin. For the preceding flavone pairs, the λ maxima values were the same as the glucuronic acid moiety providing little contribution to the UV absorbance pattern due to the lack of chromophores. Rutin had λ maxima of 270 nm. In addition, a mass spectral pattern was determined between the same three flavone pairs. Mass spectra of each flavone pair differed by only one ion peak: the [M + H] + of the glycosylate flavone. Each of the three glycone analytes' spectra contained [M + H] + and an intense aglycone ion peak, [A + H] +, corresponding to the neutral loss of a glucuronic acid moiety, 176 amu, from the parent molecule (spectra shown in Fig. S-9 ). This neutral loss fragmentation pattern was attributed to in-source CID due to the high fragmentation voltage. Recent investigations by Wu et al. [7] and Niu et al. [8] successfully utilized HPLC/FTICR-MS for the structural elucidation of various-conjugated flavonoids, including glycosylated flavonoids. Based on the commercial standard, compound 4 was identified as rutin.
There were three flavonoids compounds that were quite similar to compound 4. Compounds 2 had only a saccharide group at C 3 Fig. S-7) , IUPAC Name：5,7-dihydroxy-2-(3,4,5-trihydroxyphenyl)-3-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan-2-yl]oxymethyl]oxan-2-yl]oxychromen-4-one. Compound 6 had two saccharide groups at C 3 and gave an [M + H] + ion at m/z 595. The fragment ion of greatest intensity was detected at m/z 449, because of cleavage of the glycosidic bond between the two sugars at C 3 . The fragment ions at m/ z 449 and m/z 287 were also formed by the neutral loss of C 10 H 11 O 5 and C 10 H 12 O 6 , respectively, from the ion of m/z 595 ( Fig. S-11 ). The mass spectral fragmentation pattern of nicotiflorin (6) was the same as that of myricetin-3-O-rutinoside (2), IUPAC Name：5,7-dihydroxy-2-(4-hydroxyphenyl)-3-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan-2-yl]oxymethyl]oxan-2-yl]oxychromen-4-one.
For the seventh peak (compound 7), two saccharide groups were found at C 3 and had an [M + H] + ion at m/z 625 (C 28 H 32 O 16 ,). The fragment ion of greatest intensity was detected at m/z 449, because of cleavage of the glycosidic bond between the two sugars at C 3 . The fragment ions at m/z 479 and m/z 317 were also formed by the neutral loss of C 10 H 11 O 5 and C 10 H 12 O 6 , respectively, from the ion of m/z 595. The mass spectral fragmentation pattern of narcissin (7) was the same as that of myricetin-3-O-rutinoside (2) (Fig.  S-12 ), IUPAC Name：5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl)-3-[3,4,5-trihydroxy-6-[(3,4,5-trihydroxy-6-methyloxan-2-yl)oxymethyl]oxan-2yl]oxychromen-4-one. To identify the structure of the first peak (compound 1), MS and MS 2 analysis of compound 1 were performed to obtain characteristic mass fragmentations. The MS analysis of the first peak (R t = 15.9 min) gave an [M + H] + ion at m/z 757 (C 33 H 40 O 20 , calculated [M + H] + 757.229, error 0.23 ppm). In the MS 2 spectrum, the highest product ion at m/z 610.82 [M + H] + ion was formed by the neutral loss of a rhamnoside (C 6 H 11 O 5 , 146 Da), and the ions at m/z 464.89, and 303.01 were formed by the loss of C 6 H 11 O 5 and C 6 H 12 O 6, (146D, and 162D) respectively, from the saccharide group attached to the C-6 position of the aglycone, which is the characteristic loss of the sugar moiety from C-glycosylation. In the MS 3 spectrum of the ion at m/z 464.89, the product ions at m/z 449.02 (base peak), 413.05, 344.92, 303.01 and 257.00 were also observed due to similar fragmentation to the MS 2 spectrum (Fig. S-6 ). The Compound 1 was identified as cloven, IUPAC Name：2- (3,4- (Fig S-8 ). In addition, the MS 3 spectrum showed an ion of m/z 287.04, which was the most intense fragment ion in the MS 2 spectrum. The main product ion (m/z 257.63) was formed by the neutral loss of 2H 2 O residue. From these data, compounds 3 was formed by conjugation of an acetyl group with the inner sugar on the C3 position of compound 3. The proposed fragmentation pathway of peak 3 is given in Fig. S-8 . The mass spectral fragmentation pattern of peaks was named as robinin (3), which was the same as that of robinin (3) 
Representative HPLC/FTICR-MS chromatogram of flavonoids compounds in CL extract
In this study, HPLC-FTICR-MS was used to rapidly identify the structures of unknown flavonoids compounds in the CL extracts. The accuracy of HPLC-FTICR-MS m/z value analysis was within 3 ppm (<1ppm in most cases), which enabled rapid prediction of molecular structures and resulted in seven flavonoids compounds been identified, of which six (compounds 1, 2, 3, 5, 6, 7) are reported for the first time in CL. In order to obtain a good separation, identification and total ion current, [23] a mobile phase consisting of acetonitrile and 0.3% aqueous ethyl acetate was chosen as the eluting solvent system. The representative HPLC/FTICR-MS chromatograms of the CL extract and seven authentic compounds are presented in Figures S-6-12. Seven peaks were detected and showed maximum absorption in wavelength range 190-300 nm in the UV spectra. Pseudo-molecular weights with highest mass accuracy of less than 3 ppm and multi-stage MS/MS fragmentation information were obtained for these seven compounds (Table 4 ). These seven peaks indicated similar retention behavior, similar UV spectra, and accurate mass data to five authentic compounds. Therefore, these compounds were confirmed as clovin (peak 1), myricetin-3-O-rutinoside (peak 2), robinin (peak 3), rutin (peak 4), hyperoside (peak 5), nicotiflorin (peak 6) and narcissin (peak 7). In order to obtain the fragmentation patterns and identify the other compounds in the CL extract, a high accuracy mass spectra and multi-stage MS/MS fragmentation information for the five authentic compounds were carefully analyzed. In this study, four authentic compounds had similar structural skeletons with different substituting groups at C-6. According to Wang et al. [24] only hyperoside (peak 5) was exclusively identified as flavonoid C-glycoside with one saccharide group, while the two compounds identified as clovin (peak 1) and robinin (peak 3) were O-glycosyl-C-glycosyl flavonoids.
Yield of flavonoids compounds in cassava leaves
As shown in Table 4 , the major compound was rutin (compound 4) with a yield of 58.89% CL extract in cassava leaves. The second highest compound was six nicotiflorin with a yield of 29.31% extract. All other yields of flavonoids compounds were markedly lower than Rutin and nicotiflorin with compound 1 was the lowest around 0.96% extract of total flavonoids content in CL. The contents of compounds 2, 3, 5 and 7 were 4.81% extract, 1.25% extract, 2.51% extract, and 2.28% extract, respectively. A study by Marie-Magdeleine et al. [3] used the shaking technology and methanol solvent to extract flavonoids compound in CL from Guadeloupe (French West Indies) and found that flavonoids are very strong coloration through Thin layer chromatography. Intarakasem et al. [20] reported rutin content in Thai CL to be 123 mg RE/100g extract obtained with absolute methanol extraction. Which was four times lower than that in this study. The probable reason for this clear difference is that the origin and type of CL play important roles in the production of flavonoids content in CL. Further study, Wang et al. [24] reported wide range of these compounds in CL extracts obtained from SC 09 variety: catechin (116. 6 It is worth noting that these varieties were from Hainan (China), suggesting that different varieties of CL grown in different locations contain different amounts and flavonoid compounds. The contents of flavonoid compounds in Chinese CL reported by various researchers and in this study were not expected to be the same due to extraction conditions, growth conditions, and the cassava variety. However, the dominant flavonoid compound was consistent among the studies showing rutin as the most content of flavonoids compounds in CL.
Conclusion
The chemical composition of major trace and heavy elements were found in CL, while the macrominerals had a higher content than the other elements, and also the value of total flavonoids and carotene content were higher than other plants. The evaluation of acute toxicity assay reflected that CL could be used as a functional food to improve human health. Identification and quantification of seven flavonoids in CL were carried out by HPLC/FTICR-MS analysis. The main peak was identified as rutin by comparison with the HPLC retention times of standard flavonoids, while the other six flavonoids were speculated based on their high accurate mass spectrometry of FTICR-MS, and they were identified as clovin, myricetin-3-O-rutinoside, robinin, hyperoside, nicotiflorin, and narcissin; the six flavonoids were reported for the first time in CL. The obtained results from this study would be helpful in further understanding the bioactive functions of CL.
